The reaction of 4-hydroxycoumarin (1) with some primary amines 2a-h and morpholine (2i) under microwave irradiation occurred without opening of the lactone ring to give N-substituted 4-aminocoumarins 3a-i in excellent yields. Under the same experimental conditions, 4-hydroxy-6-methyl-2-pyrone (4) reacted with benzylamine (2e) or 2-phenylethylamine (2f) to give the corresponding N,N'-disubstituted 4-amino-6-methyl-2-pyridones 5e,f. The main advantages of this procedure are dramatically shortened reaction times, higher amine utilization and considerably improved yields.
Introduction
Coumarin is an important structural moiety present in a variety of natural and synthetic products that possess significant biological activities [1] . The action of primary aromatic, arylaliphatic and aliphatic amines on 4-hydroxycoumarin (1) (Scheme 1) results in the formation of N-substituted 4-aminocoumarins [2] [3] [4] . The latter compounds have also been prepared by the reaction of 4-halogenocoumarins with amines together with (o-hydroxyphenyl)propiolamide by-products formed by opening of the α-pyrone ring followed by elimination of hydrogen halogenide [5] . It was also found that refluxing 1 in an excess of amine 2, in the presence or absence of a solvent, yielded a mixture of the corresponding ring-opened phenol and 3 [2] . However, only the target 4-aminocoumarins have been successfully obtained in many cases [4] . Some of the prepared compounds of type 3 showed antimicrobial activity [2] . It was recently reported that refluxing 1 in glacial acetic acid with an excess of primary amine prevented lactone ring opening and increased the yield [3] . Disadvantages of this procedure are the long reaction times (10-20 h) needed for the preparation of the N-(monoalkyl)-substituted products of type 3. The reaction of 1 with secondary amines was reported to fail [3] . All known methods require considerable excess of the amine, e.g. amine 2/coumarin 1 molar ratios from 10:1 to 20:1 and, hence, large amine wastes. 2-Pyridones of the type represented by 5 have been used as starting compounds for the synthesis of a series of substituted 1,2-dihydro-2-imino-7-methyl-1,6(6H)-naphthyridine-5-ones which showed antituberculosis activity [6] . In a previous paper [7] we had established that unsatisfactory yields of 5 (36-37 %) were obtained after 2-5 h reflux in the amine.
Scheme 1

Results and Discussion
In this paper we describe a simple and easy microwave assisted procedure to direct replacement of the hydroxy group in 4-hydroxycoumarin (1) by some primary amines 2a-h as well as the reaction of 4-hydroxy-6-methyl-2-pyrone (3) with 2e,f. Thus, the reaction of 1 with 2a-h was carried out without any solvent in a molar ratio of 1:1.2 (Scheme 1). The pressure reaction tube used for these experiments was equipped with a Teflon ring to firmly close the tube and to permit longer irradiation at 850 W. Optimum irradiation times were precisely determined by TLC control (Merck silica gel pre-coated Alsheets) at 60, 75, 90, 105 and 120 seconds. Most yields obtained by this simple procedure were almost quantitative (Table 1) , with the exception of the corresponding N-cyclohexyl derivative 3c (40 %; previously 20 % [3] ). However, the reaction failed under the described conditions with volatile primary amines (methylamine, ethylamine, propylamine) as well as with the following primary amines: 3-amino-and 4-aminopyridine, 2-aminoethanol, and 1,2-ethanediamine. We did not succeed in isolating any pure product using secondary amines such as piperidine, N-methylpiperazine, 3-methylpiperazine or dibutylamine, and a complex mixture of products was obtained in each of these cases. Only when morpholine (2i) was used, the expected 4-morpholinocoumarin (3i) was prepared in very good yield (Table 1 ). Both new compounds 3g,h were fully characterized by IR, 1 H-NMR and elemental analysis. The same procedure was used for the reaction of 4-hydroxy-6-methyl-2-pyrone (4) with primary amines 2a-h (Scheme 1). The reaction was carried out at a pyrone 4/amine 2 molar ratio of 1:2.4 and was successful only with benzylamine (2e) and phenethylamine (2h), via opening of the lactone ring and successive recyclization to give directly the 4-amino-2-pyridones 5e,f in excellent yields (Table 1) . A mixture of products was obtained when the power was reduced to 700 or 580 Watt. Irradiation times for these reactions were determined by means of TLC-control using pre-coated silica gel plates (Merck) after 1, 3, 5, 7, 9 and 10 minutes. Shorter irradiation times gave always a mixture of the starting pyrone 3 and the desired product 5. Our trials to carry out the reaction in an open vessel failed.
Compounds 5e,f were recently prepared successfully from the corresponding N-alkyl-4-hydroxy-6-methyl-2(1H)-pyridones A under microwave irradiation (cf. Scheme 1) [8] . We were not able to detect any stepwise conversion of the starting 2-pyrone 4 into 5 via A by means of TLC. This means that the reaction could not be stopped at the stage of an N-alkyl-4-hydroxy-6-methyl-2(1H)-pyridone intermediate A. In order to establish the scope of the reaction under microwave conditions, several types of amino compounds were employed. We could not isolate any pure product from the complex reaction mixtures resulting from the reaction of compound 4 with butylamine, 2-butylamine, pentylamine, cyclohexylamine, aniline, (R)(+)-1-phenylethylamine, 3-phenylpropylamine, 2-aminoethanol or ethylenediamine.
Conclusions
We report an efficient and simple procedure for the aminolysis of 4-hydroxycoumarin (1) and 4-hydroxy-6-methyl-2-pyrone (2) which offers significant preparative advantages over the existing methods and will make it a useful and important addition to the existing methodologies.
Experimental
General procedure
A mixture of 4-hydroxycoumarin (1, 810 mg, 5.0 mmol) or 4-hydroxy-6-methyl-2-pyrone (2, 630 mg, 5.0 mmol) and the corresponding amine 2a-i (6.0 mmol) was placed in a 15 mL high pressure glass tube (Aldrich, length 10 cm, with threaded type A plug and additionally provided with a Teflon ring) and placed in a 250 mL beaker. After microwave irradiation at 850 W in an ordinary domestic microwave oven (Moulinex CK3 with rotating plate) for the period of time shown in Table 1 , the reaction mixture was allowed to cool to ambient temperature. Ice-cold acetone (25 mL) was added and the separated crystals were filtered off to give chromatographically (TLC) pure product ( Table 1 ). The filtrate was evaporated under reduced pressure to dryness and the residue was triturated with cold diethyl ether (10 mL) to produce additional amounts of pure products. Compounds 3g and 3h have not been previously described. 
Spectral Data 4-[(1-Phenylethyl)amino]-2H-chromen-2-one
